Roveja is a pea cultivar from the Sibillini Mountains (Umbria-Marche Apennine mountain range, Italy). Abandoned for long time, Roveja is nowadays cultivated only in few farms. The present work deals with the in vitro plant growth of this pea by tissue culture for shoots regeneration and ex situ conservation. Total polyphenols content evaluation, DPPH (2,2-diphenyl-1-picrylhydrazyl) antioxidant activity test and ORAC (Oxygen Radical Absorbance Capacity) assay were performed on the flour obtained from Roveja seeds and the results were compared to those collected by performing the same tests on the flour from two common green peas. The best shoots regeneration from embryonic axes was obtained in Murashige & Skoog (MS) media with combinations of 4.0 mg/L BA (6-Benzyladenine) plus 0.4 mg/L NAA (1-Naphthaleneacetic acid), and the best roots induction from the regenerated shoots was obtained in half strength MS media containing 1.0 mg/L IBA (3-Indolebutyric acid). The embryonic axes of Roveja seeds can be used as the starting material for in vitro regeneration of the plant; the antioxidant properties shown by this legume suggest further investigations to evaluate its nutritional/functional benefit.
Roveja wild pea is a National Italian pea cultivar (cv.), an herbaceous plant belonging to the Pisum genus, Viciae tribe, Leguminosae family, while the species has not yet been determined. It is still to be assessed whether it represents a variety of forage peas (Pisum arvense L.), of a semi-domesticated wild pea form (P. elatius) or a pea landrace (P. sativum L. ssp. sativum var. arvense), from which it differs essentially only in the color of the flowers and in the characteristics of the seeds [1] . In past centuries it was grown along the entire Umbria-Marche Apennine mountain range (Italy), in particular in the Sibillini Mountains, even at high slopes, thanks to the cultivar's ability to resist low temperatures. The Roveja wild pea grows in spring-summer and it asks for little water [1] . This crop was abandoned in the second half of the twentieth century, as a consequence of the genetic improvements in other cultivars and the advent of specialized farms raising animals with better production performance requiring forage with a higher energy value [1] . In recent years, the interest in ancient plant foods such as fruits and vegetables has greatly increased, not only to study their nutritional potential but also with the aim of preserving their biodiversity [2] . In vitro techniques have several applications in the collection, propagation and conservation of plant biodiversity [2, 3] . The aim of this work is to develop a protocol for an effective in vitro culture to obtain maximum Roveja plantlet regeneration; this protocol could be employed for the ex situ conservation of the biodiversity of this legume. It is also known that legumes play an important role in human nutrition, they are a good source of slow release carbohydrates, rich in proteins and nutraceuticals [4] . Because roveja seeds are currently being re-proposed for human consumption, we also investigated the polyphenol content and antioxidant activity of this legume comparing these parameters with those of common pea. In our experiment the explants of embryonic axes produced regenerated shoots after 10 days of culturing. Among the various combinations of auxin and cytokinin used in the study, the MREG3 (Medium Regeneration 3), which contained 4.0 mg / L BA plus 0.4 mg / L NAA showed the best regeneration efficiency, yielding 24.07 ± 1.65 shoots per explants (Table 1) . Moreover, the maximum regeneration frequency, 91.66 ± 6.39, was obtained using this medium (Table 1) . The other treatments showed lower yields. The MREG1 medium was less active in terms of regeneration efficiency and frequency values, 10.46±1.16 and 33.33±5.45 respectively (Table 1) . For rooting, shoots of about 1 cm in length were cut from the regenerating explants cultivated in MREG3 and placed in MS at half concentration containing NAA-MRO1(Medium Rooting 1), IAA-MRO2 or IBA-MRO3, all at a concentration of 1.0 mg/L. Rooting was achieved with all the tested auxins, with adventitious roots beginning to appear at the base of the explants after 10 days of culture. Considering rooting frequency, the three auxins tested yielded statistically different values, with a maximum value obtained in MRO3 (63.32 ± 8.59) containing IBA 1.0 mg/L and a minimum value obtained in MRO2 (26.65 ± 5.43) containing IAA 1.0 mg/L. (Table 2 ). With respect to rooting efficiency, MRO1 and MRO2 did not yield significantly different values, 11.19 ± 2.39 and 9.91±2.44 respectively. The best treatment result for rooting efficiency was achieved using MRO3 which showed a value of 27.72 ± 1.99 (Table 2 ). An IBA concentration of 1.0 mg/L (MRO3) resulted the best for root induction using regenerated shoots obtained from embryonic axes of Roveja. The rooted shoots obtained from MRO3 were transplanted into pots with a sterile mixture of sand and peat moss (1:1, v/v), covered with polythene bags to maintain relative humidity and washed down with a sterile solution consisting of sterile distilled water and a commercial liquid fertilizer at half concentration for the ex vitro acclimatization process. The percentage of surviving plants after 15 days was 72% (data not shown). In this investigation we have evaluated the regeneration potential of explants consisting of embryonic axes obtained from Roveja seeds and cultured on MS modified media supplemented with various concentrations of auxin (NAA) and cytokinin (BA). Several authors have shown that the combination of MS salts and B 5 vitamins, represents the best medium for pea regeneration [5, 6] . The use of BA for the induction of organogenesis in edible legumes is fairly common: Das et al. [7] found a better regenerative response using embryonic axes rather than cotyledonary nodes from different genotypes of Pisum sativum and found that the best regeneration response was obtained in a medium supplemented with the cytokinin BA. Rajput and Sing [6] also showed that the best direct pea regeneration efficiency and frequency were obtained from embryonic axes slices in medium with BA plus auxin (IBA). Barik et al. [8] have shown a high frequency in in vitro regeneration of Lathyrus sativus L. in an MS medium supplemented with BA starting from epicotyl segments. In addition, lentils (Lens culinaris Medik), an important edible legume crop, which are highly refractory to shoot regeneration and rooting in in vitro conditions, showed good regenerative capacity when explants of the shoot tips are cultured in an MS medium containing BA [9] . BA alone, at different concentrations (μM) was also used for in vitro pea shoot regeneration in a breeding program of five genotypes of this legume [10] . Finally, the combination of NAA and BA was also preferred for the production of regenerating callus from Pisum sativum leaves [11] . Employed separately at a concentration of 0.1 mg/L, IBA, IAA and NAA successfully induced rooting in regenerated shoots from embryonic axes of P. sativum yielding similar results [7] . IBA, 1.0 mg / L has also been successfully used to induce rooting in micropropagated shoots of Cicer arietinum [12, 13] . IBA was also found to be the best for in vitro production of root cultures from Cicer arietinum root explants compared to NAA and 2,4-D (2,4-Dichlorophenoxyacetic acid), even if, in this experiment, the authors obtained the best roots production in MS half strength medium without growth regulators [14] . The regeneration protocol that we developed for Roveja seeds, which proved to be rapid and efficient, consists in the induction of shoots directly from the embryonic axis. The in vitro regeneration of shoots through direct organogenesis has several advantages over regeneration via callus formation, which may result in frequent somaclonal variations. The two types of common green peas used in the present investigation for comparison, Green pea 1 and Green pea 2, were shown to have phenolic contents of 0.945 ± 0.01 and 0.949 ± 0.02 mg GAE/g DW respectively while Roveja peas showed a total phenol content equal to 1.570 ± 0.05 mg GAE/g DW (Table 3 ). In our experiment, the two types of commercial peas tested, Green pea 1 and Green pea 2, showed an antioxidant activity equal to 103.0 ± 5.2 DPPH
NPC Natural Product Communications
. units / g DW and 101.6 ± 5.8 DPPH . (Table 3) . As shown in Table 3 , there is an interesting difference between the ORAC values of the two common pea samples, 7.81 ± 0.89 and 5.32 ± 0.65 μmol TE/g DW respectively, and those of the Roveja peas, 12.37 ± 1.18 μmol TE/g DW.
Concerning the phenolic content most of the edible legumes commonly consumed were gathered into three groups: low phenolic content (< 1.0 mg GAE/g DW), moderate phenolic content (1.0-2.0 mg GAE/g DW) and high phenolic content (> 2.0 mg GAE/g DW) [15] . Thus the Green pea 1 and Green pea 2 used as a control in this study fall into the low phenolic content group, while Roveja peas, that showed a total phenol content equal to 1.57 ± 0.05 mg GAE/g DW fall in the moderate phenolic content group despite their resembling common green peas in terms of color. These values are in agreement with those of the authors cited above. Xu et al. [16] have compared the phenolic compound contents and antioxidant activity of legumes and these features was found to be closely correlated with the content of phenolic compounds. Variations in phenolic contents are known to depend on genetic factors, plant maturity levels and environmental conditions. For this reason, in our work, we have compared the Roveja seeds with the common peas grown in the same environmental conditions and collected as much as possible at the same stage of maturation of Roveja. The latter in order to control the two variables, namely plant maturity level and environmental conditions. In addition, the extraction of phenolic compounds depends on the type of solvent used, the degree of polymerization of the phenolic compounds, the interaction of the phenolic compounds with other food components, as well as extraction time and temperature [17] . Therefore, there is no uniformity or fully satisfactory procedure suitable for the extraction of all phenolic compounds from plant materials [18] . However, 80% aqueous methanol resulted to be the most appropriate solvent system [19] . The radical scavenging activity of different types of legumes against the synthetic DPPH . radical has also been assessed [15] . The values of this activity were divided by the authors into 3 categories: low radical scavenging activity for values less than 125 DPPH . units / g DW; medium activity for values between 125 and 400 DPPH . units / g DW and high antioxidant activity for values more than 400 DPPH . units / g DW. In our experiment, the two types of commercial peas tested, Green pea 1 and Green pea 2, showed an antioxidant activity equal to 103.0 ± 5.2 DPPH . units / g DW and 101.6 ± 5.8 DPPH . units / g DW respectively, with no statistical difference between the two values (low radical scavenging activity group) ( Table 3 ). The seed extract of the Roveja pea showed a significantly higher antioxidant activity, 299.2 ± 7.5 DPPH . units / g DW (Table 3) , than the seed extracts of the two common peas placing the Roveja seed in the legume group with mid-level antioxidant activity together with lentils, soybeans, black peas, brown small chickpeas etc., [15] . The ORAC method is typically used to estimate the antioxidant activity of food and evaluate in vivo responses to the administration of dietary antioxidants in animal and humans models. The food and nutraceutical industries have accepted the ORAC method and some
In vitro culture for ex situ conservation of "Roveja" Natural Product Communications Vol. 13 (9) 2018 1149 producers include ORAC values on their product labels [20] . The extracts from common and Roveja peas showed significant ORAC values, which were expressed as Trolox Equivalents (TE) [20] ( Table 3) . As shown in Table 3 , there is an interesting difference between the ORAC values of the two common pea samples, 7.81 ± 0.89 and 5.32 ± 0.65 μmol TE/g DW respectively, and those of the Roveja peas, 12.37 ± 1:18 μmol TE/g DW. Xu et al. [16] reported the ORAC values for different cultivars of green and yellow peas concluding that the cultivars of yellow peas show higher values than their green counterparts. In fact, the ORAC values for cultivars of green peas were found to reach a maximum of 9.95 ± 0.91 μmol TE/g DW, while those of yellow peas reached a maximum of 12.80 ± 0.56 μmol TE/g DW. In our experiment, the ORAC value for the Roveja pea, which is considered a green pea, was 12.37 ± 1:18 μmol TE/g DW, comparable to that of yellow peas. Hence, the Roveja might well be considered for its functional/nutritional value. In conclusion, the embryonic axes of Roveja seeds can be used as a starting material for in vitro regeneration of the plant for a possible ex situ conservation; furthermore, despite these seeds being a kind of "green" pea because of its morphological characteristics, we have shown that Roveja belongs to the legume group with moderate phenolic content, shows mid-level scavenging activity against the free synthetic radical DPPH . and possesses a higher ORAC activity compared to other known edible green peas. Hence, further investigations on the seed of this niche legume are warranted to explore its full nutritional and functional potential.
Experimental
Plant material: The Roveja seeds to start the in vitro culture were purchased from the "La Viola" farm located in "Via Oliva 19 -63010 -Torre San Patrizio -Fermo (FE), Marche Region, Italy; they belong to lot number RO.2013 and were cultivated with organic farming methods, the seeds were harvested in July 2016. The seeds of Roveja employed for the determination of polyphenolic content and antioxidant activity were harvested in July 2015, 2016 and 2017. The two samples of common dry seeds of Pisum sativum L.: pea "Alderman" (wrinkled seed) and pea "Douce de Provence" (smooth seed), organically produced, were cultivated in the same period, under the same conditions and in the same area of Roveja and they were collected as the Roveja seeds in July 2015, 2016 and 2017. The first, herein named Green pea 1 and the second herein named Green pea 2. All samples have been cataloged and stored at the Botanical Garden of Urbino University, (PU), Marche region, Italy
Explants preparation: The explants were prepared as follows according to the method of Das et al. [7] , with only minor modifications. The dried Roveja seeds were washed under stirring in the presence of Tween 20 (Sigma Chemical Co., St. Louis, MO,USA) as a detergent for 15 min, rinsed with distilled water, sterilized under vacuum using 0.1% HgCl 2 for 10 min, then repeatedly rinsed (6 times) with sterile distilled water. The seeds were kept in sterile environment in Petri dishes and placed over filter paper wet with sterile distilled water for 24 h at 25°C in the dark. Finally, the seed coats were removed, the embryonic axes were collected and placed in medium for shoots regeneration.
Culture media for shoot regeneration and rooting: The culture media for shoot regeneration were obtained by combining Murashige and Skoog (MS) salts and Gamborg medium (B 5 ) vitamins [21, 22] . Before autoclaving, the two phytohormones, BA (Benzyl adenine) and NAA (α-naphalene acetic acid) were added to the culture media to obtain four different combinations: MREG1 (regeneration medium 1): 1.0 mg/L BA+0.1 mg/L NAA; MREG2: Roveja and common peas extract preparation: 1 g of Roveja seeds flour and the same flour quantity of both Green pea 1 and Green pea 2 samples of each year considered, were extracted in 15 mL of 80% (v/v) methanol/H 2 O at room temperature with continuous stirring for 2 h in orbital shaker at 150 rpm in accordance to [15, 19] .
Total polyphenols content:
The total content of polyphenolic compounds in the three samples of Roveja flour and in the three samples of flour of two common peas, (Green peas 1 and 2), was determined using the Folin-Ciocalteu assay [23] . Phenolic contents were expressed as mg of Gallic Acid Equivalent (GAE)/g DW (Dray Weight) legume. Analysis were performed in triplicate for each year (2015, 2016 and 2017) and for each seed, the results are the average ± SD (Standard Deviation) of 9 replications.
DPPH assay:
The synthetic free radical 2,2-Diphenyl-1-picrylhydrazyl (DPPH . ), was used to determine the scavenging activity of the legume extracts in accordance with Brand-Williams et al. [24] . The activity of the extract was reported as DPPH . radical units/g DW legume. A unit of DPPH . represent the amount of legume extract scavenging 50% of 75 nmol of DPPH . . The results were determined as above ORAC assay: The ORAC (Oxygen Radical Absorbance Capacity) of legume extracts studied in this work was evaluated using a method already reported in our previous work and expressed as µmol Trolox Equivalent/g DW legume [25] . The results were determined as above 1150 Natural Product Communications Vol. 13 (9) 2018 Fraternale et al.
Statistical analysis:
The shoots regeneration and rooting frequency and efficiency were computed and transformed with arcsin transformation in order to guarantee the homoscedasticity. Transformed data of frequency and efficiency were simultaneously analyzed by multivariate analysis of variance (MANOVA) to contain the statistical error in an experiment-wise significance level of 0.05. MANOVA also allowed us to separately analyze frequency and efficiency. Moreover, multiple comparisons among treatments were performed using Tukey's HSD test. We employed SPSS 21.0 software to perform all of the above-mentioned analyses. The experiment was performed in triplicate with 20 explants per treatment. For the polyphenolic content and antioxidant activity all data are the average of nine experiments (three for each year considered, for each seed). GraphPad Prism program [GraphPad Software, Inc., USA] was used. One-way analysis of variance was performed followed by the Bonferroni's multiple comparison test; p values of < 0.05 were regarded as significant and p values of < 0.01 very significant [25] .
